Abstraa -The interaction of a pyridine-derived dioxa-triaza-macrocycle with divalent first row transition metal cations is discussed. Selected crystal structures and speciation studies are presented together with information on application to metal extraction and transport.
Ligand (cavity size in A) [2,1,11, m=O, n=l (0.8) be seen for both peak selectivity in which one metal is selected at the expense of the others and for plateau selectivity in which one group of metals is more strongly selected. There is also a metal ion:macrocyclic donor atom compatibility requirement based on the Hard and Soft Acid and Base character of the interacting species. If the ligands are oxygen-rich then the stronger complexes are with the alkali metals but as sulfur donors are introduced then the affinity for softer metals such as AgI and PbII increases.
For the first row transition metal ions the situation is less clear. The 'best fit' criterion is less evident due to the much smaller change in ionic radius between the metal ions as the row is crossed. Changes in radius for a given metal can also occur with changes in oxidation state and spin state. Furthermore as the periodic table is crossed so the metal ion:macrocyclic donor atom compatibility changes; from 0 and N for MnII and FeII, to N and S for Cun and Znn. There is also a preferential site geometry induced by the orthogonal d orbitals, which is not present in the spherically symmetrical s-block metals, and the influence of crystal field stabilisation energies. This is demonstrated in the Irving-Williams order of stability constants for the divalent cations of the first row transition metals in which the sequence follows the order Mn<Fe<Co<Ni<Cu>Zn, with the second row metals having a fmher diminution in value e.g. Zn>Cd, and in the site geometries found in enzymes such as Cu-Zn bovine erythrocyte superoxide dismutase in which the zinc atom is tetrahedral and the copper is at a distorted tetragonal site.4
In order to determine whether macrocycle ligands can be applied to the selectivity of transition metals a series of oxa-azamacrocycles were prepared and investigated. Early work on Schiff base macrocycles had established the value of alkaline earth and main group cations as metal templating devices, and had shown also that the size of the templating cation could influence the nature of the macrocyclic product formed.5 Therefore a series of Schiff base macrocycles were synthesised by metal templated cyclocondensation reactions using Pb" and MnII templates;6 the latter being a d5 ion and so somewhat symmetric has been found to act as a useful probe for calcium in biological systems,7 it was therefore considered as an honorary alkaline earth metal for metal-template purposes.
It was not possible to remove the metal templates from the product complexes without causing breakdown of the ligands and so the complexes were reductively demetallated in the presence of N a B h to yield the metalfree oxa-azamacrocycles.6 By judicial use of reagents a wide range of macrocycles could be synthesised in which the ring sizes could be increased by sequential addition of single methylene groups, and in which the donor atom sequences could be varied, and to which extra donors could be added.
The pentadentate macrocycle (L1) was shown to react readily with the first row transition meal nitntes, but only the Cun and NiII complexes were isolable as crystals and so accessible for X-ray study.6 Stability constant data revealed that the CuII was much more strongly bound than the NiIr [Log K, methanol. 6.84(Cu); g3.0 Nil. The crystal structures showed that a structural 'dislocation' had occurred between the two complexes -structural 'dislocations' arise when the balance between metal co-ordination requirements and ligand flexibility lead to an abrupt change in coordination geometry between the complexes of interestand that whilst the Cun was bound by all five donor atoms and one monodentate nitrate in a very distorted octahedral environment, the Nin was octahedrally coordinated by four ligand donors, one oxygen being nonbonded, and two cis-monodentate nitrates. The chirality at the ethylenediamine-like nitrogens changed from RR (SS) in the foxmer to RS (SR) in the latter.
The construction of a model complex in which two extra CH2 groups were added to the macrocycle in order to expand the cavity size (17-membered ring) indicated that all of the donors should now bind to NiII. Macrocycle (L2) was synthesised by application of the previously described route6 and it was possible to isolate crystalline complexes of Mnn, Con, NiII, CuII, ZnI1 CdII.and HgI1 .The X-ray crystal structures of the complexes disclosed several structural types involving both endo-and exo-macrocyclic ligation.8-10
A series of solution studies were undertaken to investigate the speciation of the system.8-10 Conductometric titrations of M(L2)(C104)2 with NH&1 were performed in dimethyl sulf oxide (dmso). For Mnn an inflection at 1 :2 mole ratio [NHqCl]/[complex] indicated that dimerisation had occurred presumably via bridging chloride ions and for Co", ZnII and CdII inflections were observed at 1: 1 and 2: 1 mole ratios indicating the sequential formation of a 1 : 1 complex of the type [M(L2)Cl]+ and of a 2: 1 complex of the type M(L2)C12 in each case. An inflection at a 1:l ratio was also observed for CuII but in contrast an inflection was noted at a 1:2 ratio for NiII suggesting the formation of a bridged dimer. Spectrophotometric titrations of the nitrates or perchlorates of Cu" or NiII with (L2) in dmso indicated the initial formation of 1:l species followed by the formation of 1:2 species.
IH N.m.r. titrations of (L2) with M(OAc)2.2H20 (M= ZnI1,Cd1I) were performed in CD30D. The aliphatic protons in each complex generally showed significantly large shifts whereas the aromatic proton signals shifted only slightly; all of the spectra broadened as the metal was added and all indicated the formation of 1:l (metal:ligand) complexes.
Thermodynamic stability constants (log K) were determined in 95% MeOH (25"C, I= 0.1 EbNC104 using the potentiometric (pH) titration method. The values of the stability constants were found to be MnII ~4 . 0 , On linking the solution data with the structural data a reaction scheme can be proposed (Scheme). Initial chelation of (L2) via the aliphatic nitrogen atoms leads to exo-macrocyclic complexation involving either (SR ; RS) or (RR ; SS) configurations at the nitrogen atoms; these forms could interconvert via a monodentate intermediate. In the exo-macrocyclic complexes isolated and characterised by X-ray crystallography9 The equilibria involved will tend to be dynamic and so it is likely that various proportions of a number of forms of a given species will be present in solution at any given time. For example, although one form may predominate contributions from both endo-and exo-macrocyclic co-ordination may also be present under a given set of conditions . The nature of the predominating species will depend on a number of factors such as the hole and chelate ring sizes presented by the ligands; the donor atom type and location within the ligands, the ionic radius, donor atom and geometric preferences of the cation; the donor type and denticity of the accompanying anion and solvent molecules; and the conditions under which the reaction is run.
Extraction experiments (from H2O into CHc13) and related transport experiments (from H20 into CHCl3 into H2O) with Cu" and Nin were successfully carried out using (L2) in the organic phase, which also contained hexadecanoic acid to inhibit any bleeding into the aqueous phase of the protonated macrocycle or metal complex.8 Under the conditions employed CuI1 was favoured over NiII in all single metal extraction and transport studies, and was exclusively exmcted in a competetive metal experiment. 
